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Abstract. Every sports competition needs a schedule of play, stating
who will play whom, when, and where. A good schedule is important
given its impact on the competition’s fairness and outcome, public at-
tendance, commercial interests, and cost of policing. This paper discusses
experiences with scheduling the Belgian Pro League soccer competition,
for which we develop the official schedule since 2006. We present methods
that have proven their value in real-life sports scheduling, and discuss
how they benefited from continuous improvement, in order to accom-
modate changing requirements. We discuss fairness issues, as well as a
discrete choice experiment we carried out to estimate the schedule’s im-
pact on stadium attendance and TV viewership.
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1 Introduction
It is safe to say that millions of people, all over the world, are enthralled by sports,
be it actively participating or as a fan or spectator. Not surprisingly, sports has
become big business. For instance, in 2014, the sports market in North America
alone was worth 60.5 billion dollar and is expected to reach 73.5 billion dollar by
2019 according to a sports industry report by PricewaterhouseCoopers1. Apart
from the purely economic impact, sports is also relevant for society because of its
contribution to well-being in general. Indeed, according to Forrest and McHale
[19], the impact of sports on happiness scores collected from nearly 28,000 adults
in the UK turned out to be comparable with the impact of having a job.
Sports offer ample of opportunities for optimization on all kinds of levels.
What strategy should a team or player apply (e.g. [28])? What players should a
manager hire (e.g. [6])? How should referees be assigned to matches (e.g. [3])?
How should the competition owner organize its league (e.g. [23])? How should
public funds be allocated to sports (e.g. [4])? In this paper, we focus on the
question how the schedule of play should be constructed. Not much more than
1 See https://www.pwc.com/us/en/industry/entertainment-media/
publications/assets/pwc-sports-outlook-north-america-2015.pdf
a decade ago, most professional sports competitions were scheduled by unskilled
personnel, equipped with little more than pen and paper. In some competitions,
and certainly in amateur leagues, this is still the case. A good schedule is im-
portant though, because it affects the outcome and fairness of the competition,
public attendance, commercial interests, as well as the cost of policing. As league
owners manage to close astonishing broadcasting deals, and in light of the grow-
ing financial interests in the sports industry, the importance of a good schedule
has become more and more apparent.
Sport scheduling is about determining a suitable date and venue for each
match that is to be played (according to a given competition format). The com-
plexity of this problem depends on what should be taken into account. Generat-
ing a schedule where each team plays against each other team an equal number
of times, such that each team plays at most once on any given matchday is a
simple task (see e.g.[12]). However, as more constraints and considerations have
to be taken into account, sports scheduling can quickly become a huge challenge.
Nurmi et al. [39] provide a framework for sports scheduling problems, modeled
from the requirements of various professional sports leagues. This framework
includes constraints related to venue availability, teams that should not have si-
multaneous home games, bounds on the number of consecutive matches against
teams from a given strength group, and many more.
We discuss practical applications involving the scheduling of the Belgian Pro
League soccer, for which we develop the official schedule since 2006. Our contract
with the Belgian Pro League currently involves 2 professional and 1 amateur divi-
sion, each playing a different league format and play-off competitions. Although
there have been other papers that discuss the involvement of academics in real-
life soccer scheduling (e.g. [5], [14], [41]), we believe that our collaboration with
the Belgian Pro League is exceptional in its length. It allows us to discuss how
our solution method needed continuous improvement, in order to accommodate
changes in the competition format, as well as new requirements. Furthermore,
we discuss how we gradually got involved in determining these requirements, e.g.
by carrying out a discrete choice experiment in order to estimate the impact of
the schedule on TV viewership and stadium attendance.
This paper is organized as follows. Section 2 presents an overview of the
terminology and main results in sports scheduling. In Section 3, we discuss the
competition format currently used in the Belgian Pro League. We also give an
overview of the most important stakeholders, and their wishes and aspirations
with respect to the schedule. Section 4 reports on our solution approach, and
the changes it underwent over the years. We provide and a discussion and some
directions for future research in Section 5.
2 Terminology and fundamentals
Sports scheduling is a relatively young academic discipline: although the first
substantial contributions were published in the early 80’s, a considerable increase
in sports scheduling articles appeared only in recent years, including publications
in top journals in operations research. Simultaneously, several academics reached
out to the sports scheduling practitioners, offering new methods to deal with the
increasingly more complex problem of scheduling a league. Excellent overviews
of sports scheduling have been written by Easton et al. [15] and Rasmussen and
Trick [40]. An extensive bibliography can be found on a website maintained by
Knust2 and in an annotated bibliography by Kendall et al. [30]. In this sec-
tion, we explain the most important concepts discussed in the sports scheduling
literature.
In a sports tournament, n teams play against each other over a period of time
according to a given schedule. The teams belong to a league, which organizes
matches (or games) between the teams. Each match consists of an ordered pair
of teams, denoted i-j, where team i plays a home match - that is, uses its own
venue (stadium) for a game - and team j plays away. In a so-called round robin
tournament each team plays against every other team an equal number of times.
Most sports leagues play a double round robin tournament, where each team
faces each other team twice, once at home and once away. Matches are typically
grouped into so-called rounds, which are played on one or more consecutive days
(usually a weekend). Teams play at most once per round; if a team does not play
on some round, we say it has a bye on that round. A schedule is called compact or
temporally constrained when its number of rounds is minimal. When the number
of teams is even, this means that each team plays on every round. When more
rounds are used than needed, we say the schedule is temporally relaxed.
Table 1. A compact double round robin schedule for 6 teams
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
A-B B-E B-D C-B B-F B-A E-B F-A B-C F-B
C-D D-A A-F E-A D-E D-C A-D D-B A-E E-D
E-F F-C E-C F-D A-C F-E C-F C-E D-F C-A
Table 1 presents an example of a compact schedule for a double round robin
competition with 6 teams (A-F). If a team plays two home matches or two
away matches in two consecutive rounds, it is said to have a break. For instance,
team E in Table 1 has an away break in rounds 8-9. It is easy to see that any
round robin schedule for an even number of teams will feature at most 2 teams
that have a perfect alternation of home and away matches. Consequently, any
schedule for a single round robin tournament with an even number of teams
will have at least n− 2 breaks [12]. Goossens and Spieksma [22] introduced the
so-called generalized break, which arises if a team has two home (away) games in
a given pair of arbitrary (i.e. not necessarily consecutive) rounds, and present a
number of theoretical results on this topic.
2 See http://www.inf.uos.de/knust/sportssched/sportlit_class
Table 2. The timetable (left) and home-away pattern set (right) corresponding to the
schedule in Figure 1
Team R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
A B D F E C B D F E C
B A E D C F A E D C F
C D F E B A D F E B A
D C A B F E C A B F E
E F B C A D F B C A D
F E C A D B E C A D B
Team R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
A H A H A H A H A H A
B A H H A H H A A H A
C H A A H A A H H A H
D A H A A H H A H H A
E H A H H A A H A A H
F A H A H A H A H A H
We can see a schedule as the combination of a timetable (e.g. Table 2 – left)
and a set of home-away patterns (e.g. Table 2 – right). The timetable (sometimes
also referred to as an opponent schedule) specifies for each round which opponent
each team faces. The sequence of (H)ome and (A)way matches (and possibly also
(B)yes) according to which a team plays is called the home-away pattern (HAP)
of this team. A pair of home-away patterns is said to be complementary if the
patterns never feature two home games (or two away games) on the same round.
Clearly, a timetable and a home-away pattern set need to be compatible before a
schedule can emerge: for each match in the timetable, the corresponding home-
away patterns need to give one team the home advantage, and designate an
away match for the other team. Seeing a schedule as a merging of a timetable
and a pattern set, leads to two fundamental problems: the pattern set feasibility
problem and the break minimization problem. The pattern set feasibility problem
departs from a set of home away patterns and asks the question whether there
exists a corresponding timetable (such that a given tournament format, e.g.
single round robin, can be played), in which case we say the pattern set is
feasible. It is still an open question whether this problem is NP-complete or not.
Miyashiro et al. [36] present a necessary condition for HAP sets to be feasible.
Moreover, for HAP sets having a minimum number of breaks, they show how this
condition can be checked in polynomial time and conjecture it to be sufficient.
In the break minimization problem, a timetable is given and the question is
to determine the home assignment (i.e. the home away patterns) such that the
number of breaks is minimized. To the best of our knowledge, the complexity
status of this problem is also still unknown. However, Miyashiro and Matsui [37]
proved a conjecture by Elf et al. [16], stating that deciding whether a feasible
home-away pattern set with n − 2 breaks exists for a given timetable, can be
solved in polynomial time.
There is a strong link between sports scheduling and graph theory (see e.g.
[11], [13] and [29]). For instance, a schedule for a single round robin tournament
with an even number of teams can be seen as a one-factorization of Kn, the com-
plete graph with n nodes. The nodes in this graph correspond to the teams, and
each edge between two nodes represents a match between the two corresponding
teams. A one-factorization of Kn is a partitioning into edge-disjoint one-factors.
A one-factor is a set of edges such that each node in the graph is incident to
exactly one of these edges (i.e. a perfect matching), and corresponds to a round.
One particular one-factorization, the so-called canonical one-factorization, can
be traced back to a contribution by Kirkman in the 19th century [31], and has re-
ceived special attention in sports scheduling. Indeed, when looking at the sched-
ules used in practice, in particular for soccer (see e.g. [24]), the majority of the
schedules are canonical schedules, i.e. based on the canonical one-factorization.
Their success may be explained by the fact that there is an easy way to gener-
ate them (i.e. the circle method, also known as the clock method or the polygon
method), and that they can be constructed using the minimum number of breaks
[12]. Note however that apart from minimizing breaks, many other constraints
typically play a role in sports scheduling, which may heavily complicate the
problem. For instance, if costs corresponding to each possible combination of a
match and a round are given and the objective is to minimize the sum of these
costs for the scheduled matches, the resulting sports scheduling is NP-hard [7].
Of the many fairness issues that can arise when constructing a schedule, the
carry-over effect as introduced by Russell [42] has probably been studied most
intensively. Russell defines team A to receive a carry-over effect from team B
if some team X plays against team B in one round, and against team A in
the next round. The carry-over effect is perceived to be particularly relevant in
physical sports. For instance, if team B is very strong, and tough-playing, one
can imagine that its opponent, team X, is weakened by injuries, suspensions,
fatigue or lowered morale, which could be an advantage for its next opponent,
team A. The opposite may be true if team B is a weak team. As carry-over
effects unavoidably are present in any schedule, one can only strive to spread
these carry-over effects as evenly as possible over all teams to increase overall
fairness. Let cij be the number of times team j receives a carry-over effect from
team i in the previous round in a schedule. A schedule’s degree of imbalance
with respect to carry-over effects is given by the so-called carry-over effect value,
which is defined as
∑
ij c
2
ij [42]. A lower bound for the carry-over effect value
of a single round robin tournament is n(n − 1); if this bound is attained, we
say the schedule is balanced. Russell also presents an algorithm that results in
a balanced schedule when n is a power of two. For other values of n, the best
known results are by Anderson [2] and Guedes and Ribeiro [27]. Lambrechts et
al. [33] have shown that the canonical schedule maximizes the carry-over effect
value.
3 The Belgian Pro League Soccer
We first discuss the current league format used by the Belgian Pro League (Sec-
tion 3.1), followed by an overview of the various stakeholders and their (often
conflicting) wishes and interests with respect to the schedule (Section 3.2).
3.1 League format
Since 2016–2017, the Belgian Pro League consists of 2 professional soccer divi-
sions: a first division (1A) with 16 teams, which is also known as the Jupiler
Pro League and a second division (1B) with 8 teams known as the Proximus
League. Both division play a so-called regular stage, which involves a double
round robin tournament for 1A and a quadruple round robin tournament for
1B, completed in 30 and 28 rounds respectively. The regular stage is followed
by a post-competition, inaptly called play-offs by the Belgian Pro League. In-
deed, in general, play-offs involve a direct knock-out competition, where teams
are tied in pairs and the loser of each match is eliminated. This is not the case
with the play-off stage in Belgian soccer: depending on their result in the regular
season, the teams are divided into one of 4 play-off groups, each of which plays
a double round robin tournament. The most awaited play-off group includes the
six best teams of 1A: they keep half of the points they collected in the regular
stage and play for the league title, as well as access to the (qualification stage of
the) Champions League or the Europa League. Two other play-off competitions
include 6 teams, collected from the other teams in 1A and the top half of 1B.
These teams start with a clean sheet and play for the final ticket for the Europa
League qualifiers. A final play-off competition includes the bottom half of 1B;
these 4 teams retain half of the points from the regular stage and play to avoid
being relegated to the amateur competition. An overview of the league format
is given in Figure 1.
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Fig. 1. The competition format for the Belgian Pro League.
Note that 2 teams do not take part in the play-off stage: the winner of the
regular stage of 1B and the last team after the regular stage of 1A see an early end
to their season. Certainly for the winner of 1B, this is peculiar, as this team does
not get the opportunity to battle for access to the Europa League, as opposed to
teams that performed worse in the regular stage of 1B. This competition format
is quite rare in soccer; it bears resemblance to the format used in Cyprus, which
also has a double round robin post-competition, after the teams have been split
into two groups depending on their performance in the regular stage [24]. A
similar format, including the rule that teams transfer half of their points from
the regular stage to the post-competition stage has been in use in the Maltese
Premier League, but it was recently abandoned in favor of a classic single stage,
double round robin competition format. The main motivation for the Belgian
Pro League competition format is the fact that it allows for more top matches,
without drastically reducing the number of teams in the top division. This format
should increase the level of the top teams, allowing them to perform better in
the European competitions, and at the same time generate more revenue from
TV broadcasting rights, ticketing, and sponsorship.
3.2 Stakeholders and their requirements
The Belgian Pro League Being the owner of the competition, the Belgian Pro
League obviously has a large say in how the competition is organized and what
the schedule should look like. The Pro League has appointed a so-called sched-
ule manager, who gathers the various wishes and requirements from the other
stakeholders and assesses the relative importance of the scheduling requests.
The schedule manager is also responsible for rescheduling postponed matches
and handling complaints.
The main concern of the Pro League is the fairness of the competition. Breaks
play an important role in this. For instance, no team should start or end the sea-
son with two home games (or two away games), as it is assumed that this would
give them an advantage (disadvantage, respectively). Similarly, as a succession
of away games is seen as the path towards a performance slump, teams cannot
have more than two consecutive away matches. In fact, breaks in general should
be minimized.
Given the large number of rounds that come with the league format discussed
in Section 3.1, midweek rounds are inevitable. However, teams generally do not
appreciate a home game on a midweek round, as the revenue from ticketing and
catering tends to be lower than on weekend days. Consequently, the Pro League
prefers a balance between home and away matches on midweek rounds: if a team
plays at home on one midweek round, they should not have a home game on the
next midweek round. Note that, as midweek rounds need not be consecutive, we
can see this as avoiding a generalized break.
Another fairness issue is the carry-over effect. At some point, carry-over ef-
fects have been suggested in the Belgian media as the cause of a team’s relegation
(see e.g. [26]). Even though it was shown that there is no statistical evidence that
carry-over effects have any meaningful impact on the outcome of soccer matches
in the Belgian Pro League [25], the feeling still remains that unbalanced carry-
over effects are to be avoided.
Finally, the Pro League strives for a balanced start of the season for all teams,
avoiding that any team faces a disproportionate number of strong opponents in
the first rounds. Exceptions are made for those teams that are involved in qual-
ification rounds for Champions League or Europa League. In order to maximize
their chances of success at the European stage, these teams are offered a start
of the season without big domestic clashes.
The TV broadcasters TV broadcasters aim to maximize their revenue by
attracting as many viewers as possible. Over the years, we have had many dif-
ferent scheduling requests from various TV broadcasters. In the beginning, each
round needed to feature at least one (and preferably two) of four top teams
playing an away match. The underlying motivation was that a top team’s home
matches are less attractive, as the top team tends to win these games without
much opposition. Soon after that, we received a request to have at most one top
match per round, and a balanced spread of top matches over the season. Later,
the TV broadcaster wanted to have so-called Super Sundays, i.e. a Sunday with
(at least) two top matches. Given this diverse set of requests, at some point
we started to wonder whether the TV broadcasters actually knew what kind
of schedule would maximize their viewing rates. The number of papers on the
determinants for TV viewership of soccer matches is surprisingly limited. Most
of them focus on the relation between viewer ratings and match outcome uncer-
tainty (e.g. [1] and [8]); Forrest, Simmons, and Buraimo [17] apply their model
to support the broadcasters’ choice of which matches to televise in the English
Premier League. However, none of these contributions show how the schedule
should be constructed in order to maximize TV viewership.
On a typical weekend round in the regular stage of the competition, the
following kick-off times are used for matches in 1A: Friday 20:30, Saturday 18:00,
Saturday 20:00 (2 matches), Saturday 20:30, Sunday 14:30, Sunday 18:00, and
Sunday 20:00. Essentially, the schedule determines which opponents will face
each other in which part of the season and at what kickoff time. To obtain
a better understanding of the impact of these match characteristics (month,
kickoff time, and opponent strength) on TV viewership, we conducted a discrete
choice experiment using an online survey questionnaire distributed to chart the
preferences of Belgian soccer fans in watching the league matches [44]. Our
results show that fans on average dislike matches scheduled for Wednesday 20:30,
Saturday 18:00, Sunday 14:30, and Sunday 20:30. In particular, midweek matches
are to be avoided, although there is quite some heterogeneity in the individual
preferences for the Wednesday 20:30 kick-off time (probably due to the difference
between employees who have to go to work the next morning and fans without
a job). If midweek matches are inevitable, they are best planned in October
or March to ensure a reasonably sized audience. We found that it does not
seem beneficial to start the season late in July or even early in August, as a
considerable proportion of the fans take holidays in this period. Surprisingly,
fans do not prefer to see their team play against a top team regardless of the
month and kick-off time: matches against teams of average strength can attract
more viewers than matches against top teams if carefully scheduled on attractive
rounds and kick-off times. Our model can also be used to predict audience ratings
for each (type of) match, depending on the planned month and kickoff time,
which in turn can be used as input parameter for optimizing the schedule.
The police and the tax payer Soccer matches in the Belgian Pro League are
events that can attract up to 30,000 fans. Moreover, some matches, labeled risk
matches, are known to have an increased risk of hooliganism. Hence, it is clear
that the police is an important stakeholder in professional soccer. Moreover, it is
important to realize that a mayor has the right to forbid a match being played
if he or she judges that public order and safety cannot be guaranteed.
Months before the start of the new season, various local police forces are
queried about their concerns and requests with respect to the schedule. Most
requests deal with risk matches, which should be avoided on dates when other
events are scheduled in the city that require the attention of the local police
(e.g. a festival, summit, or other sports event). Sometimes, the request only
concerns the kick-off time, as some matches can be managed more easily during
daylight. The impact on traffic of scheduling a match on a specific date and
time is also regularly pointed out by the police. A few police zones contain the
venues of two (or even more) teams, and in this case some coordination is needed:
preferably, teams from the same police zone do not play a home game on the
same weekend. For sure, no pair of teams from the same zone should host risk
games simultaneously.
Ultimately, the tax payer bears the vast majority of the policing cost for
soccer matches. Clearly, the schedule has an impact on the size of the policeforce
needed, as well as the costs involved. For instance, scheduling a risk game in the
beginning of the season will allow the police to deploy a smaller force compared to
when this game is decisive for e.g. relegation. Furthermore, matches scheduled
e.g. in the Christmas period result in a higher man-hour rate than midweek
matches.
The clubs and their fans Clubs have a wide variety of wishes. Teams sharing
a venue have a strong reason for not playing home games in the same round.
Although Belgium currently does not have multi-purpose stadia (i.e. stadia de-
signed to host multiple types of events, such as pop concerts and various types of
sports contests), in some cases, the parking facilities are shared with a shopping
mall or another sports club, resulting in a list of days on which home games are
to be avoided. Most teams believe they can increase their chances of playing a
good season by starting with a home game, ideally against an easy opponent.
Champions League or Europa League contenders typically request a home game
after their European match, as they believe a home game renders them less vul-
nerable to the effects of fatigue resulting from this extra midweek match (and
trip). Teams with cash flow problems prefer a steady number of home matches
per month. Occasionally, a team requests to delay the first home game by start-
ing the season with two consecutive away games, in order to have enough time
to finish venue construction or renovation works.
In general, teams want to maximize the number of fans attending their home
games, as this is closely related to their revenue. Various models have been de-
veloped to analyze the factors that determine stadium attendance (see e.g. [20],
[43], [9], [34], [10]). Compared to TV broadcasting, more factors can influence a
soccer fan’s decision whether or not to travel to the stadium: distance from the
stadium, weather, availability of car parking, availability of tickets, safety, ser-
vice, catering, etc. Here, we limit ourselves to those factors that can be impacted
by the schedule. Forrest and Simmons [18] show that consecutive home games
negatively impact attendance. Hence, teams generally prefer a schedule in which
breaks are minimized. Wang et al. [44] also studied the impact of month, kick-
off time, and opponent strength on stadium attendance for Belgian soccer fans.
They find that, contrary to the results with respect to TV viewership, January
is not a popular month for attending a soccer match in the stadium (presumably
because of the cold). Apparently, August’s nice summer weather is neutralized
by the fact that many people leave on holiday. Wednesday 20:30 and Sunday
20:30 are deplorable kick-off times with respect to stadium attendance, as the
next day is a working day. In contrast, Saturday 18:00 and 20:00 and Sunday
14:30 and 18:00 all work very well.
4 Solution approach
Before 2006, the Pro League’s highest division consisted of 18 teams, playing a
double round robin tournament without play-offs; the schedule was developed
manually. The starting point was a so-called basic match schedule, i.e. a sched-
ule that specifies the round and the home advantage for all matches, however
using placeholders instead of real teams. For instance, the schedule in Table 3
shows the first 7 rounds of the basic match schedule that has been used by the
Pro League for decades. Clearly, when each team is coupled with a placeholder
(1–18), a schedule follows. Although the origin of this basic match schedule is
not clear, it is a canonical schedule and it has many advantages. For instance, it
consists of two halves, such that each team faces each other team exactly once
in each half, and each half has the minimum number of breaks. Furthermore, no
team plays three home games or away games in a row, and no team starts or ends
the season with two home games or two away games. Moreover, it condenses the
whole scheduling problem to a relatively easy question: which placeholder should
be matched with which team? The way in which this should be done, however,
was less transparent. The schedule manager did this assignment without the use
of any optimization tool, till the the point where he found no further improve-
ment by manually swapping the placeholder assignment of a pair of teams. Not
surprisingly, the resulting schedules typically satisfied merely a small fraction of
the constraints. As many teams found their wishes brushed aside without un-
derstanding how the schedule was constructed, this lead to several accusations
of favoritism and lack of transparency in the media (see e.g. [32]).
When we got involved, our main challenge was to automate and optimize the
assignment of teams to placeholders in the basic match schedule. This, however,
Table 3. A basic match schedule for a double round robin tournament with 18 teams,
rounds 1-7
R1 R2 R3 R4 R5 R6 R7
1-3 2-4 1-7 2-8 1-11 2-12 1-15
4-17 3-18 3-5 4-6 3-9 4-10 3-13
6-15 5-1 6-2 5-18 5-7 6-8 5-11
8-13 7-16 8-17 7-3 8-4 7-18 7-9
10-11 9-14 10-15 9-1 10-2 9-5 10-6
12-9 11-12 12-13 11-16 12-17 11-3 12-4
14-7 13-10 14-11 13-14 14-15 13-1 14-2
16-5 15-8 16-9 15-12 16-13 15-16 16-17
18-2 17-6 18-4 17-10 18-6 17-14 18-8
could not be done without explicitly stating all requirements and their relative
importance. The latter turned out problematic: a committee with representa-
tives from some of the clubs, had to come to an agreement on the scheduling
priorities, whereas they were used to deal with the schedule manager individu-
ally and informally. Eventually, we agreed to classify each requirement into one
of 5 priority classes, where each class has a certain weight (it took some time to
convince them that putting all requirements in the highest priority class is not
the way to obtain the best schedule). The optimization model was based on the
assignment model. We used a binary decision variable xi,p which is 1 if team i
is assigned to placeholder p and 0 otherwise. Furthermore, yc is 1 if constraint c
is not satisfied, and 0 otherwise. We use parameters qc for the weight associated
with the class to which constraint c belongs, and ai,p,c and bc as parameters to
model the various requirements (M is a sufficiently large number). The problem
formulation is then as follows:
Min
∑
c
qc · yc (1)
subject to∑
p
xi,p = 1 ∀i (2)
∑
i
xi,p = 1 ∀p (3)∑
i
∑
p
ai,p,c · xi,p 6 bc + M · yc ∀c (4)
xi,p ∈ {0, 1} ∀i, p (5)
yc ∈ {0, 1} ∀c. (6)
The objective function minimizes the total weight of violated constraints.
Constraints (2) and (3) ensure that each team is assigned to a placeholder and
vice versa. The third set of constraints can be used to model all requirements
stakeholders may have by selecting appropriate values for ai,p and bc.
In the beginning of our collaboration, the Pro League insisted that we used
their basic match schedule. The main reasons for this were that they were highly
familiar with it, and that lower divisions – which to some extent tune their
schedules based on the schedule of the highest division – also used it. However, we
soon became the victim of our early success: as we were able to handle many more
constraints than the manual approach, stakeholders gradually came up with more
wishes and requirements and higher expectations in the next seasons. At some
point, it became clear that no satisfactory solution existed, if we restricted the
solution space to schedules resulting from the Pro League’s basic match schedule.
Hence, the next step was to use a phased approach, where we first assign each
team to one of the home-away patterns from the basic match schedule, and
subsequently decide on the opponents for each team in each round, given the
home-away pattern assignment. We call this the two-phase approach; it is a so-
called first break, then schedule approach, based on a decomposition introduced
by Nemhauser and Trick [38].
The first phase can in fact also be modeled using formulation (1)-(6), how-
ever this time the binary decision variable xi,p is 1 if team i is assigned to
home-away pattern p and 0 otherwise. Notice that constraints (4) now only in-
clude constraints that relate to the home advantage; no constraints involving
specific opponents are included in this model. The second phase uses a binary
decision variable xi,j,k which is 1 if team i plays a home game against team j
on round k, and 0 otherwise. We use ai,j,k,c and bc as parameters to model the
various wishes from the stakeholders related to opponents. Note that we enforce
that both halves of the schedule are mirrored, i.e. the second half of the sched-
ule is identical to the first half, except the home advantage, which is inverted.
Mirroring simplifies the model because we only need to schedule the first half
of the season: constraints related to the second half can be modeled in terms of
first-half constraints. The formulation is as follows:
Min
∑
c
qc · yc (7)
subject to∑
j
(xi,j,k + xj,i,k) = 1 ∀i, k (8)
∑
k
(xi,j,k + xj,i,k) = 1 ∀i, j : i 6= j (9)∑
i
∑
j
∑
k
ai,j,k,c · xi,j,k 6 bc + M · yc ∀c (10)
xi,j,k ∈ {0, 1} ∀i, j, k allowed by the HAPs of team i and j (11)
yc ∈ {0, 1} ∀c. (12)
The objective function again minimizes the total weight of violated con-
straints. Constraints (8) ensure that each team plays exactly once on each round,
and constraints (9) enforce that each team meets each other team once in the
first half of the season. Constraints (10) are used to model all opponent-related
stakeholder requirements. This approach keeps all properties of the basic match
schedule related to home advantage and breaks, but drastically increases the
search space, as the order of the opponents is no longer fixed. An important ar-
gument to abandon the basic match schedule was the carry-over effect. Indeed,
since the basic match schedule, being a canonical schedule, has maximally un-
balanced carry-over effects [33], any change results in a positive impact on the
carry-over effect value.
Solving the two phases sequentially, however, does not guarantee an optimal
solution and typically leaves a lot of room for improvement. Hence, we developed
a tabu search algorithm around the first phase. This algorithm finds the best
move in a neighborhood around some current solution; this neighborhood con-
sists of all solutions that can be reached by swapping the home-away patterns of
two teams in this solution. Computationally, computing the consequences of a
swap with respect to the objective function in phase 1 is trivial. The evaluation
of phase 2 can be more time-consuming, although it frequently happens that
there is no need to solve phase 2, since the result after solving phase 1 is already
worse than the best solution so far in this neighborhood. We maintain a tabu
list to make sure that moves are not immediately reversed.
As new requirements kept coming, it did not take long before we again found
no suitable solution in the solution space we considered. Hence we argued to
drop the tradition of having the second half mirrored from the first half. Indeed,
this created for each requirement connected to the first half of the season a
counterpart in the second half, and vice versa, effectively doubling the number
of constraints. It took quite some effort to convince the Pro League to allow
non-mirrored schedules; in the end, the fact that a non-mirrored schedule had
been played before in the Belgian Pro League, albeit a long time ago and for
reasons no one could recollect, was a final nudge in the right direction. The fact
that the home-away patterns where still mirrored resulted in a schedule that
was still about 80% mirrored and at least did not preclude a mirrored schedule
provided that this was feasible given the requirements.
The introduction of the play-offs in the season 2009–2010 entailed a number
of changes with respect to the scheduling process. Until then, the exact kick-off
times were not communicated in the beginning of the season: the broadcaster
had the right to delay that decision until one month before the match. This
allowed them to take into account more recent information on e.g. which teams
qualify for what stages of other competitions (domestic cup, Europa League,
Champions League) and which teams perform well in the domestic league. This
is still the case for the regular stage of the season, however, for the play-off
stage, all kick-off times are to be determined by the schedule manager before
the play-offs start. Furthermore, interdependencies between the various play-off
competitions required a totally different scheduling approach, in which all play-
off competitions are scheduled simultaneously. On the other hand, each play-off
involves at most six teams, such that an IP model based on variables xi,j,k,t = 1
if team i plays against team j on round k using kick-off time t (and 0 otherwise),
and yi,k = 1 if team i has a break on round k (and 0 otherwise) can be solved
in a reasonable computation time with e.g. IBM Ilog Cplex.
Finally, we also moved away from the set of home-away patterns that follow
from the basic match schedule. Interesting properties of these HA patterns are
that (i) they don’t begin or end with a break, (ii) they don’t have consecutive
breaks, (iii) they have at most 3 breaks, and (iv) they allow a mirrored schedule.
It is easy to see that for e.g. a double round robin tournament with 16 teams,
there are 26 such home-away patterns (13 complementary pairs), i.e. 10 more on
top of the 16 HAPs implied by the basic match schedule. Hence, we found that
among the 1287 possibilities to pick 8 pairs of complementary HAPs out of 13,
46 HAP sets lead to a feasible schedule. Again, this greatly increased the search
space. Currently, we are also including HAPs with more than 3 breaks that do
not allow a mirrored schedule, but have other properties that fit well with the
requirements of that season.
5 Discussion
At the start of our collaboration with the Pro League in the season 2006–2007,
the TV broadcasting rights for the highest division were sold for a price of 36
million euros per season. The current broadcasting contract has been marketed
for 70 million euros per season, which is almost double as much (but still a
trifle compared to the amounts paid in e.g. the English Premier League). In
the seven seasons before our involvement, stadium attendance per season for
the first division amounted to on average 2,954,311, which corresponds to an
average of 9,654 fans per match. In the ten seasons for which we provided the
schedule, stadium attendance equalled 3,451,945 per season (11,491 per match)
on average, which corresponds to an increase of 17%. At the same time, the
number of man-hours performed by the police decreased from 28,613 per season
in the three seasons right before our involvement to 21,780 per season since
we create the official schedule (i.e. a decrease of about 24%). This decrease is
remarkable, because since the introduction of the play-offs more matches are
played, and many of these additional matches are risk matches. Obviously, there
are many factors that play a role in these changes, for instance the introduction
of the play-offs has undoubtedly impacted the attractiveness of the competition,
and the fanbase of the team that promotes to and the team that is relegated
from the first division certainly plays a role. Nevertheless, we like to believe
that our scheduling approach also has contributed considerably to these positive
trends. Equally important, it has improved the transparency of the process.
Although, obviously, the stakeholders do not have a real understanding of the
optimization method itself, it is seen as neutral. Moreover, it is now clear to
everyone what the various requirements are, and what weight they get. Setting
these weights is not an exact science. Therefore, we present the Pro League with
several good schedules to choose from, instead of just the best. Occasionally, the
Pro League eventually selects a schedule which is not optimal according to our
approach, which is a motivation for us to reevaluate the weights that some of
the requirements receive. Our method offers additional flexibility through what-
if analyses, which can be used to assess the consequences of honoring certain
wishes. As a result, the yearly tradition of stakeholders having a big fight in the
media when the new schedule is announced has now disappeared.
Although we have made a lot of progress with the Pro League over the past
10 years, there are still a number of opportunities for further research. We be-
lieve that these opportunities not only apply to our case with the Belgian soccer
league, but to the sports scheduling community in general. Phased approaches
are very popular, and they perform well provided that the most important re-
quirements can be solved in earlier phases. Nevertheless, there is still room for
improvement with respect to solution methods. We are not able to solve highly-
constrained sports scheduling problems optimally for league sizes larger than 12.
We have little insight in what makes a HAPset feasible, particularly if the home-
away patterns are not symmetrical and feature several breaks. Many practical
sports scheduling problems require exactly these type of home-away patterns.
Scheduling multiple leagues simultaneously is another major challenge for fu-
ture research. Indeed, according to our experience, the focus is shifting from
scheduling one important league to scheduling a multitude of leagues with in-
terdependencies. This is even more apparent in amateur of youth sport leagues.
Finally, we would like to point out the importance of sports analytics as a way
to determine what is important in sports scheduling. We noticed that stake-
holders often don’t have a good view on the impact of the schedule on fairness,
gate revenue, TV viewership, or other issues they care about. Hence, the sports
scheduling community can contribute by clarifying these relationships, and as-
sist practitioners with providing the right parameters for their sports scheduling
problem.
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